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SUMMARY 
by G. Weill & 
J. Christophe-Glaume 
Airglow measurements from Haute-Provence Observatory (one solar cycle) 
and from Tamanrasset (IGY) are analyzed by the technique of superimposed epochs 
in order to detect any systematic variation during magnetic storms with sudden 
commencement. 
At middle latitudes the perturbations are characterized by the occurrence 
of optical auroral events, such as visible white aurorae, photometric red au- 
rorae, stable auroral arcs: 
These are treated separately and a list of events is given for 13 conse- 
cutive years. 
Storm effects on night airglow are weak and characterized as follows: 
Middle and low latitudes 2 
The A group (5577.02 bands & continuum) increases a few percent during 
In addition, the green line shows a positive post-perturba- the main phase. 
tion with a marked intensity increase 35 hours after the SSC. 
The B-group (OH, Na) decreases by about 10 percent during the main phase. 
The red line at 6300 01 behaves differently at the two stations. 
At Tamnassaret the Northern intertropical arc weakens and sometimes dis- 
A recombination in the F-region can not 
appears during the main phase. 
somewhat increased during the storm, 
explain this effect, which indicates that a weak stable auroral arc may be sys- 
tematically present during the main phase of the magnetic storm. 
At Haute-Provence the red line intensity is 
*** 
* CIEL NOCTURNE ET AURORES DE BASSE ALTITUDE EN PERIODE D'ORAGE MAGNETIQUE 
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INTRODUCTION 
The upper atmosphere of t h e  Earth is luminescent i n  n igh t  as w e l l  as 
i n  daytime. On t h e  one hand, one recognizes i n i t  a u r o r a l  emissions, whose 
e x c i t a t i o n  i s  due t o  impacts of ene rge t i c  p a r t i c l e s ,  wi th  spectrum cha rac t e r i -  
zed by the  presence of atomic l i n e s  and molecular bands of f a i r l y  high poten- 
t i a l  (more than some ten ev). The v a r i a t i o n s o f t h e i r  i n t e n s i t y  and occurrence 
are very important and are  f a i r l y  w e l l  known i n  the  v i c i n i t y  of t h e  so c a l l e d  
a u r o r a l  zones. On t h e  o the r  hand, t he  night  sky glow extends over t h e  entire 
globe. Photochemical r eac t ions ,  l inked with t h e  recombination of t h e  disso- 
c i a t e d  and ionized atmosphere i n  daytime, under t h e  e f f e c t  of s o l a r  e l ec t ro -  
magnetic r a d i a t i o n ,  are a t  i t s  o r ig in .  The e x c i t a t i o n  p o t e n t i a l s  of t h e  n igh t  
airglow are of a few electron-vol ts .  A s  important emissions, such as those 
of forbidden oxygen l i n e s ,  are a l s o  exc i t ed  i n  the  aurora ,  both phenomena 
were f o r  a long t i m e  confounded. 
Various n igh t  airglow emissions are s e n s i b l e  i n d i c a t o r s  of t he  physico- 
chemical s ta te  of t h e  atmosphere i n  t h e  70 - 300 km a l t i t u d e  range. Their  
v a r i a t i o n s  i n  period of geomagnetic dis turbance could n o t ,  s o  f a r ,  be  ascer- 
ta ined .  The observations i n  t h i s  f i e l d  are more recent, less numerous and, 
a f o r t i o r i  more discontinuous than t h e  magnetic observations.  The p resen t  
paper has f o r  o b j e c t  t o  f i l l  t h i s  gap. 
THE OBSERVATIONS 
Systematic measurements of n igh t  a i rglow are pursued a t  t h e  Haute-Provence 
Observatory (43"56'N, 05O43'E)  s i n c e  1953. One of t h e  instruments [Baillet, 
19551 permits t he  observat ion of t h e  p r i n c i p a l  r a d i a t i o n s  i n  t h e  v i s i b l e  
domain, pa ra l l e lwi se  t o  t h e  world a x i s  and i n  t h e  d i r e c t i o n  of t h e  zeni th ;  
t h i s  device has now been funct ioning f o r  more than one s o l a r  cycle  without any 
modifications of i t s  ope ra t iona l  conditions.  A nea r ly  i d e n t i c a l  photometer, 
d i r e c t l y  compared wi th  t h a t  of Haute-Provence, w a s  used i n  Tamanrasset (22'47'N 
5'32' E) from May 1957 t o  February 1960 on t h e  occasion of t h e  I G Y  [Barbier,  
19611. The cu r ren t  study rests upon t h e  measurements performed with t h i s  ap- 
paratus;  they are due i n  quas i  e n t i r e t y  t o  D. Barbier.  The two s t a t i o n s  i n  
quest ion w i l l  be r e f e r r e d  t o  he re  as OHP and TAM. 
We s h a l l  r e t u r n  t o  n e i t h e r  t h e  method of c a l i b r a t i o n  of measurements by 
way of s t a r  enumeration [D. Barbier,  1961 and 1962a1, nor on t h e  r e l a t i o n s  
e x i s t i n g  between r a d i a t i o n s  of same group and t h e  decontamination procedures 
derived therefrom [D. Barbier,  1960al. Except when indicated t o  the  contrary,  
a l l  t h e  i n t e n s i t i e s  are expressed i n  t h e  number of Go-stars and a l s o  of those 
of t h e  10th s te l lar  v i s u a l  magnitude pe r  square degree. Table 1 is a reminder 
of t h e  c o e f f i c i e n t s  t h a t  allow t o  express t h e  r e s u l t s  i n  normalized u n i t s  
(Megaquanta pe r  second f o r  a ver t ical  column of 1 cm2 o r  Rayleighs f o r  mono- 
chromatic r a d i a t i o n s ,  and i n  Rayleighs p e r  100 A f o r  extended r a d i a t i o n s ) .  
The study of t h e  c o r r e l a t i o n s  between r a d i a t i o n s  allows us  t o  r e s t o r e  t h e  
decontaminated i n t e n s i t y  of p r i n c i p a l  r ad ia t ions ,  by combination of t h e  obser- 
ved radiances through d i f f e r e n t  f i l t e r s .  The r e spec t ive  decontamination for-  
mulas f o r  each s t a t i o n  are r e c a l l e d  i n  Tables 2 and 3. 
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SELECTION OF STORMS AND CRITERIA 
OF GEOMAGNETIC ACTIVITY 
a) HAUTE-PROVENCE 
A selection of magnetic storms, having occurred during the period fron 
July 1953 to December 1964 was made on the basis of the following criteria: 
a) The storm is preceded by a sudden commencement published in Bartel's 
"Lists of Preliminary S S C  ' s" . 
b) The phase of the Moon during the storm is favorable to observations, 
including the age comprised between -5 and 4-5 days at time of SSC. 
c) The storm is well isolated in time, the closest adjacent SSC being 
at least at 36 hours from the studied SSC. 
d) The atmospheric conditions at the Haute-Provence Observatory have per- 
mitted to perform at least one full night of observations during the period 
ranging from 12 hours prior to 36 hours after the sudden commencement. 
An aggregate of 53 storms with sudden commencement was thus retained. 
These storms (Table 4 )  are rather regularly distributed as a function of the 
season and of the hour of their sudden commencement (Fig.1). The regularity 
of this distribution is important so as to enable one to separate statistic- 
ally the eventual effects in local time and UT (starm time). 
In order to allow a detail- 
ed study of the relationshi!s 
between the night sky light and 
the unfolding of the various 
phases of magnetic storms, a cha- 
racteristic index had to be cho- 
sen for the geomagnetic varia- 
tions. The ideal index should be 
representative of the global 
energy of the storm and calcu- 
lated at least every hour, being 
available during the entirety of 
our period of observations. The 
Dst-index [Akasofu, Chapman,l961, 
Sugiura, 19641 responded to the 
Fig.1. Distribution of the studied storms 
as a function of the hour and season. The 
histograms are per quarter and 6-hour period. 
A denotes a storm attended by an important 
enhancement of 6300 01 at OHP (aurora or red 
arc. 0 denotes a storm accompanied by low- 
latitude white aurora observed at OHP. 
0 indicates another storm. 
first of these criteria, but was 
published only for the duration 
of IGY and IGC. 
led to utilize a local &-index 
(Chambon-la For& Observatory), 
which was the difference bet- 
ween the horizontal component of 
the magnetic field, instanta- 
neous at exact hours and the 
We just were 
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T A B L E  1 
1 -2 Transformation coefficients of stellar units in Megaquanta sec' em 
(Rayleighs) 
6700 6300 01 G300 011 5000 5577 52GO 4400 3650 - - - - - - -  - 
3.582 
3549 
0,78 3564 i\2+ Ii:iyl(-ighs 
Ilay1./100 A 
I Monochromatic line, 0,3G 0,5G 0,45 
Extended spectra . . 0,33 0,27 0,40 0,3G 0,18 
T A B L E  2 
Decontamination formulas ( O W )  
^ _ _ _ _  
(1) I(G700, 011) = I(G700) -0,738 I(52GO) 
(2) = I(G300, 011) - O,Sl8 I(53GO) 
(3) I(5900, Na + 011) = I(5000) - 0,779 l(52GO) 
(4) I(5577,OI) = I(5577) - 0,900 l(52GO) 
I(G300, C + 011) 
(5) I(52G0, cont.) = I(52GO) - 0,125 I(G700, 011) 
(6) w-v) = I(3670) - 1S,5 [I(5577, OI)]0.53 
T A B L E  3 
Decontamination formulas CTAM) 
- -  
(1) I(G700, OH) E I(6700) - 0,430 I(5260) 
(2) I(5900, Na + OII) I(5900) - 1,13 I(52GO) 
(3) I(5577, 01) = I(5577) - 1,39 I(52GO) 
~ (4) I(5577, BA) I I(5577) - 0,166 l((i300, 01) 
(5) I(N,+ 1 = I(3G70) - 7,95 [ I(5577, 13A)]0*671 
T A B L E  4 
Year 1900 53 54 55 56 57 58 59 60 61 62 63 64 
Number of obsisrvable storms......... 1 1 4 6 2 1 4  4 1 0  2 1 0  
Number of observable red aurorae.... 5 1 1 2  
Number of observable white aurorae.. 3 1 
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average monthly i n t e n s i t y  f o r  t h e  same hour. By examining 4 storm periods of 
the  I G Y  taken a t  d i f f e r e n t  seasons,  w e  could have assured ourselves  t h a t  f o r  
t h e  n igh t  hours, t h e  only ones of i n t e r e s t  t o  u s ,  AH Chambon is  vey w e l l  cor- 
r e l a t e d  with t h e  D s t  computed by Sugiura (Fig.2) .  
To compare t h e  o p t i c a l  and ionospheric e f f e c t s ,  w e  have u t i l i z e d  t h e  mea- 
surements of Fp-layer 's  parameters by t h e  D e  B i l t  s t a t i o n  (52'06' N ,  5'10'E) 
which i s  loca ted  on t h e  same meridian as t h e  O W ,  but a t  600 km t o  t h e  North 
of t h e  po in t  where t h e  l ine of photometer aiming crosses  t h e  F,- l aye r .  
A l l  t h e  photometric r e g i s t r a t i o n s  
obtained by f a i r  weather between 1 2  
hours p r i o r  and 48 hours a f t e r  every 
SC were taken down and measured a t  a 
pace of one cyc le  every 5 minuted. 
Each cycle  is  cons t i t u t ed  of e i g h t  
corresponding radiances t o  d i f f e r e n t  
f i l t e r s  and two c a l i b r a t i o n s ,  s ay  
a t o t a l  of 10  q u a n t i t i e s .  The aggre- 
g a t e  of t hese  observations r ep resen t s  
9,010 cycles  obtained i n  t h e  course 
of 819 hours, spread over 133 n igh t s  
of observation. 
b)  TAMANRASSET 
- A M  
8 
100. 
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The s h o r t e s t  period of observa- 
t i o n  a t  Tamanrasset had permitted t o  Fig.2. Correlat ion during n igh t  
select only 18 storms according t o  hours between t h e  AH a t  Chambon- 
t h e  above c r i t e r i a .  The aggregate la-Forst  and Dst-index (Sugiura, 
of measurements c o n s t i t u t e s  3,531 1964). Four I G Y  storm periods 
cyc les ,  321 hours spread over 45 w e r e  chosen a t  d i f f e r e n t  seasons 
n i g h t s  of observation. The s torms t o  i l l u s t r a t e  t h i s  c o r r e l a t i o n ,  
are r e spec t ive ly  6 ,  6,  5 and 1 f o r  which j u s t i f i e s  t h e  u s e  of t h e  
t h e  years  1957, 1958, 1959 and 1960. Chambon AH as t h e  c h a r a c t e r i s t i c  
Their  d i s t r i b u t i o n  is i l l u s t r a t e d  i n  index of magnetic storm energy. 
Fig.3. Unfortunately, i t  i s  impossible 
t o  e f f e c t  a t  Tamanrasset a d e t a i l e d  comparison of t h e  n igh t  sky with t h e  iono- 
sphere,  f o r  t h e  d i s t ance ,  separat ing t h e  regions observed o p t i c a l l y  and radio- 
e l e c t r i c a l l y  is of t h e  s a m e  order  of magnitude as t h e  width of an i n t e r t r o p i c a l  
a r c .  
The Dst-jndex could be adopted t o  cha rac t e r i ze  t h e  energy of t h e  storm 
(c f .  Fig.17)since i t  w a s  published f o r  t h e  e n t i r e  period analyzed, with t h e  
exception of t h e  las t  storm. 
* 
* *  
6 
c 
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Fig.3. a) Distribution as a function of the 
hour and of the season in the course of which 
registrations were obtained at Tamanrasset 
b) 
time of the storm for the periods studied at 
Average of Kp-indices as a function of the 
Tamanras se t 
ANALYSIS OF THE RESULTS 
1. MID-LATITUDE AURORAE 
Selection of Auroral Storms 
A global statistical treatment of all measurements could oniy yield in- 
significant results; indeed, each filter transmits several radiations, every- 
one of which possibly originating from different altitudes and excitation pro- 
cesses. Moreover, if the effect of magnetic storms on the night sky glow is 
apriori of the order of a few percent, certain radiations may be considerably 
enhanced in periods of low latitude aurorae: the intensities of red and green 
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l i n e s  of oxygen may be mult ipl ied respec t ive ly  by f a c t o r s  of 100 and 4 with 
respect  t o  the  mean l e v e l .  
t he  n ight  sky l i g h t  would be i n  g loba l  ana lys i s  e n t i r e l y  concealed by polar  
aurorae.  
Under these  condi t ions the  eventual  v a r i a t i o n  of 
It is  es tab l i shed  t h a t  aurora and n ight  sky spec t r a  correspond t o  very 
d i f f e r e n t  e x c i t a t i o n  energies  and t o  d i f f e r e n t  emission processes. I n  order  
t o  separa te  the  e f f e c t s ,  we have grouped t h e  measurements i n  three  ca tegor ies  
on t h e  b a s i s  of o p t i c a l  cr i ter ia  : 
a )  Per iods of White Aurorae 
These per iods are character ized by t h e  appearance wi th  appreciable  inten-  
s i t y  of N2+ bands. 
3670 and 5577 A f i l t e r s  ID.  Barbier,  1960a], exce l len t  i n  normal per iods,  d i s -  
appears i n  the  presence of white  aurorae,  s u n l i t  o r  no t ,  on account of t he  
cont r ibu t ion  of t h e  f i r s t  negat ive system of ionized ni t rogen.  
of t he  c o r r e l a t i o n  (Table 2 ,  formula 6) i s  c h a r a c t e r i s t i c  of aurora  appearance. 
A l l  t h e  per iods i n  t h e  course of which t h i s  res idue  exceeds t h e  value of 60 
(50 Rayleighs f o r  t he  NS+ bands a t  3582, 3564 and 3549 A) were ca l led  "white 
auroraeJ9* I n  t h e  aggregate,  they represent  50 hours of observation t h a t  do 
not permit a s ta t is t ical  treatment and must thus be d e a l t  with separa te ly .  
The nonl inear  co r re l a t ion  of measurements performed with 
The remainder 
b) Storms accompanied by Red Aurorae o r  Red A r c s  
The middle l a t i t u d e  red aurorae and red arcs [De Barbier,  19585 are very 
e a s i l y  i d e n t i f i e d  on t h e  photometric r e g i s t r a t i o n s  obtained i n  t h e  d i r e c t i o n  
of t h e  pole,  and more p a r t i c u l a r l y  around the  horizon. Both these  phenomena 
take place a t  high a l t i t u d e s  and a f f e c t  e s s e n t i a l l y  t h e  i n t e n s i t y  of t he  l i n e  
6300 01. A t  any rate they are l inked i n  t h e  sense t h a t  t h e  red arc i s  gene- 
r a l l y  a t tendant  of a red aurora  of higher  l a t i t u d e .  Out of t he  53 storms, 9 
w e r e  marked by t h e i r  appearance andwi l l  be d e a l t  with sepa ra t e ly  (excluding 
t h e  per iods of white aurorae) .  
c )  Storms not  attended by Major OFtical  E f fec t s  
The 44 periods of remaining magnetic storms i n  t h e  course of which no 
p a r t i c u l a r  event was  d i r e c t l y  apparent on t h e  r e g i s t r a t i o n s ,  have been t r e a t e d  
s t a t i s t i c a l l y  s o  as t o  search f o r  eventual  low-amplitude v a r i a t i o n s  t h a t  nor- 
m a l l y :  are missed during ind iv idua l  examinations of measurements.. 
represent  672 hours of r e g i s t r a t i o n ,  d i s t r i b u t e d  over 110 nights .  
These storms 
Thw i n t e n s i t y  v a r i a t i o n s  during t h e  n ights ,  r ep resen ta t ive  of each of the- 
se th ree  ca tegor ies ,  are reproduced i n  Figure 4. One may no t i ce  (Fig.5) t h a t  
t he  above th ree  ca tegor ies  correspond t o  storms of f a i r l y  d i f f e r e n t  energy, t h e  
Kp-index maximum (average) f o r  t he  th ree  ca tegor ies  being 7.0, 7.0 and 4.8 res- 
pec t ive ly .  
*** 
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Fig.4. 
t i m e  v a r i a t i o n s  of p r i n c i p a l  r a d i a t i o n s .  
a l l  t h e  r a d i a t i o n s  vary slowly and i n  con- 
formity with t h e  known co-variation groups 
I n  per iod of aurora  o r  red arc (center )  
t h e  duplet  of oxygen a t  6300 A is  select- 
i v e l y  enhanced, sometimes by a considerable 
f a c t o r .  The white  aurora i s  character ized 
by t h e  appearance of NP' bands through 3670 
and 4400 A f i l t e r s ,  which i n d i c a t e  then a 
co-variation s h i f t  wi th  t h e  i n t e n s i t y  of 
t h e  green l i n e  (above). 
The i n t e n s i t y  scales are l i n e a r  ( l e f t )  
except f o r  t h e  red l i n e ,  of which t h e  very 
important v a r i a t i o n s  p r a c t i c a l l y  impose a 
logari thmic scale ( r i g h t  hand s i d e ) .  
Three d i f f e r e n t  types of night- 
I n  normal per iod (night sky below) 
Fig. 5 
Mean Kp-index as a func- 
t i o n  of storm t i m e ,  f o r  d i f -  
f e r e n t  catoegories  of storms 
c l a s s i f e d  a t  OW according 
t o  t h e i r  o p t i c a l  e f f e c t s .  The 
average Kp marked by vertical 
arrow i s  t h e  one whose i n t e r -  
val  includes SSC. Horizont- 
a l  s t r o k e s  i n d i c a t e  t h e  pe- 
r i o d s  during which t h e  aurora 
o r  t h e  r e d  arc w a s  observed. 
a) 3 storms at tended by a 
white aurora  
b) 6 storms attended by 
an arc o r  red aurora 
c) 44 storms without 
aurorae 
d)  A l l  storms 
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VARIATIONS I N  THE AURORA PERIOD 
a) White Aurorae 
I n  the  course of t he  1953 through 1964 s o l a r  cycle ,  15 white aurorae 
w e r e  observed a t  OHP i n  a l l .  A l l  
of them correspond t o  per iods of very high magnetic a c t i v i t y  (with a s i n g l e  
exception noted i n  the  t a b l e ) ,  and set i n  most o f t en  i n  t h e  case of a SSC 
and a t  t he  beginning of t h e  main phase. Of t h i s  aggregate only 3 are here  
analyzed These aurorae,  i l l u s t r a t e d  by Fig.6, are character ized by t h e  ap- 
pearance of N 2 +  bands, a very important enhancement of 6300 01 and an atte- 
nuat ion of group-B rad ia t ions  (bands OH, Na). The green l i n e  is a l s o  a f f ec t ed  
but much less than the  red l i n e ,  t h e  r a t i o  
order of 300. The l a rge  f i l t e r s  centered on 4400 and 5260 follow the  vari- 
a t i o n s  of t h e  3760 f i l t e r  on account of N2+ band emission a t  4278 and possibly 
of t h e  forbidden duplet  of N I  a t  5199 A respec t ive ly .  
These aurorae are compiled i n  Table 5. 
AQ 6300/ AQ 5577 being of t he  
T A B L E  5 
WHITE AURORAE 
21 9 
4/ 9 
211 9 
221 9 
231 9 
291 9 
26/11 
si 71% 
4/12 
17/12 
291 G/GO 
221 9/63 
17.40-23.20 
20.30- 5.35 
20.40-23.40 
23.30- 3.20 
1.30- 3.20 
20.50- 3.39 
2.10- 4.10 
18.30- 3.40 
21.20- 4.20 
21.00- 4.40 
21.30-23.00 
18.20- 0.40 
0.20- 5.50 
22.10- 2.10 
20 .OO- '4.05 
22.30 
22.00 
22.30 
23.30 
2.00 
21.20 
4.10 
18.30 
23.00 
23.30 
21.40 
0.20 
2.40 
2.00 
21.25 
134000 A 
? A 
9200 A 
GGOO Q 
6460 A 
5400 A 
11800 A 
7600 Q 
49000 A 
3330 A 
> 12000 A 
14700 A 
3900 A 
250 Q 
' 1100 Q 
17000 
1600 
> 1500 
2100 
370 
2150 
> 2900 
6960 
' 250 
13000 
1100 
350 
100 
300 
9- 
2+ 
8+ 
8- 
s+ 
7- 
9- 
7- 
80 
6+ 
9- 
70 
70 
70 
9- 
Red arc.Aurora v i s i b l e  
Aurora v i s i b l e .  Excep- 
t i o n a l  aurora  
Aurora v i s i b l e .  Other 
maxim a t  2100 & 2140 h. 
Aurora v i s i b l e .  
Red a rc .  Aurora v i s i b l e .  
Aurora v i s i b l e  
Aurora v i s i b l e .  It is  
t h e r e  s ince  t h e  begin- 
ning of t h e  n igh t ,  but  
overcast  
Aurora v i s i b l e .  Red arc. 
White aur.max. a t  'b2040 h. 
Red arc. Aurora v i s i b l e .  
I b  
Cloudy. Red arc. 
Aurora v i s i b l e .  
Cloudy. Red arc .  Aurora 
v i s i b l e .  Several  maxima. 
Aurora v i s i b l e .  
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The t h r e e  white  aurorae appeared i n  t h e  course of t h e  main phase of t h e  storms, 
t h e i r  i n t e n s i t i e s  being maximum 9,  22 and 12  hours respec t ive ly  a f t e r  t h e  cor- 
responding SSC. There e x i s t s  a marked co r re l a t ion  between t h e  logari thmic in- 
t e n s i t y  of 6300 01 and t h e  AH Chambon (Fig.7)* For -AH > 95y, t h i s  s tatist i-  
cal c o r r e l a t i o n  i s  w r i t t e n  ( see  Fig.7 next page) : 
o r  y e t  f o r  - D s t  > 185y: 
The small number of w h i t e  aurorae observed does not  allow us  t o  draw a 
conclusion of t h e i r  v a r i a t i o n  i n  l o c a l  t i m e .  W e  s h a l l  only note  t h a t  of 15 
aurorae,  10 had an  i n t e n s i t y  maximum i n  t h e  course of t h e  f i r s t  p a r t  of t he  
n igh t  (Table 5) 
a 1  300 o n  
.. 
Fig. 6 Fig 8 
Variat ions i n  t h e  course of t h r e e  Variat ions i n  t h e  course of storms ac- 
storms accompanied by a white aurora .  
The lower scale i n  absc i s sa  is UT, amplitude AH, and of t h e  red l i n e  in- 
t h e  upper scale is  t h e  t i m e  counted t e n s i t y  as observed, and, on t h e  other  
i n  hours s t a r t i n g  from SSC i n s t a n t .  
companied by white  aurora of magnetic 
hand, computed by the  Barbier formula 
a f t e r  ionospheric parameters. 
Note t h e  bad co r re l a t ion  between 
The compared examination of o p t i c a l  and ionospheric va r i a t ions .  The 
ionospheric measurements are o f t en  made 
impreicse by t h e  presence of d i f fus ive  
aurora and ionosphere v a r i a t i o n s  
makes i t  evident  t h a t  i n  t h e  course 
of i n t ense  aurora  period, t h e  mea- echoes e 
surement of t h e  cr i t ical  frequency -" 
foF2 i s  made imprecise by the  pre- 
sence of t h e  sporadic  F-layer. 
i n  a s p e c i a l  fash ion  i n  Figure 8; 
red l i n e  and of t h a t  which would be der ived from t h e  semi-empirical formula 
of t h e  D. Barbier c o r r e l a t i o n  (1943) are very important, 
I n  t h i s  case t h e  ionospheric va lues  are p lo t t ed  
t h e  divergences between t h e  i n t e n s i t y  of t h e  
*** 
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Night sky 
100 200 
Fig. 7 
Corre la t ion  between the  logari thmic i n t e n s i t y  of t he  red l i n e  6300 01 
t h e  amplitude of t h e  magnetic v a r i a t i o n  ( i n  absc issa  t o  the  l e f t )  and 
t h e  parameters of t he  ionospheric F-region. ( t he  logari thmic i n t e n s i t y  
being computed by t h e  Barbier formula and p lo t t ed  i n  absc i s sa  t o  the  
r i g h t ) ,  Note t h e  d i s s i m i l a r i t y  between the  th ree  ca tegor ies  of storms 
considered by t h i s  ar t ic le  (night  sky, on top; red aurora  i n  t h e  middle, 
white  aurora  below). The two lower graphs have borrowed the  d a t a  pre- 
sented i n  Figures  8 and 11. 
l i n e  and t h e  magnetic amplitude v a r i a t i o n  can be noted i n  a normal period 
of n ight  sky, while  a t  t h e  same time t h e  co r re l a t ion  is  good between the  
red l i n e  and t h e  recombination rate of t h e  F-region. During white aurora 
period t h e  s i t u a t i o n  is  reversed. 
The absence of co r re l a t ion  between t h e  red 
b) Red Aurorae and Red Ares. 
During the  whole of the  s o l a r  cycle ,  127 aurorae and 11 red a r c s  w e r e  
observed ar t h e  Haute Provence Observatory (OW) (Table 6, following pages). 
1 2  
T A B L E  6 
RED AURORAE 
Date Hours of Hour Q Class Pole KP Remarks 
observat ion maximum maximum maximum 
I O /  3/56 
31 8 
31 9. 
81 9 
26/10 
9/11 
l o l l 1  
2711 1 
21 1/57 
211 1 
221 1 
281 1 
$1 3 
21 3 
191' 4 
21 7 
191 7 
3/ 8 
291 s 
41 9 
Dl 9 
291 1 
271 3 
291 3 
251 6 
261 6 
291 9 
14/10 
15/10 
20110 
21/10 
22/10 
26/10 
2'311 0 
2511 1 
%/11 
2711 1 
19/J2 
301J 2 
20.00- 4.10 
20.30- 2.10 
19.30- 2.30 
19.30- 1.00 
117.50-23.10 
1.30- 3.40 
20.50- 2.40 
19.50- 5.00 
17.40-23.20 
19.50-20.30 
20.30- 5.35 
18.00- 5.30 
18.40- 4.10 
18.40-20.50 
22.30- 3.40 
19.40- 1.30 
19.50-23.10 
21.00- 1.30 
21.20- 2.00 
22.20- 2.00 
21.30-22.50 
23.20- 2.50 
20.30- 1.00 
1.30- 3.20 
18.30- 3.40 
21.20- 4.20 
18.10-20.20 
IS .  10-21.30 
19.40- 1.00 
17.50- 4.50 
19.50- 4.50 
21.10- 4.50 
22.00- 4.50 
21.50- 0.30 
22.00- 4.40 
22.10- 5.30 
'17.20- 5.50 
2.30- 5.50 
1.50 
22.30 
1.40 
20.40 
20.40 
2.401 
0.40 
22.40 
22.30 
20.30 
22 .oo 
3.00 
4.10 
3 
1.10 
19.40 
19.50 
1.30 
21.20 
2.00 
21.30 
1 .OO? 
0.501 
2.00 
18.30 
23.CC 
10.20 
21.30 
22 * 50 
23.50 
2.30 
2 .oo 
23.10 
0.00 
23.30 
23.00 
22.45 
2.35 
730 
190 
150 
440 
2900 
36001 
2400 
4300 
134000 
330 
? .  
550 
400 
>900 
2100 
I500 
650 
SGO 
1200 
950 
690 
220 
1200 
6400 
7600 
49ooU 
100 
GO 
2300 
2000 
340 
4GO 
SSO 
380 
3 x 0  
2 i i ~  
210 
2500 
L 
A 
Q 
Q 
Q 
A 
A 
A 
A 
A 
Q 
A 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
.4 
A 
A 
Q 
Q 
A 
A 
Q 
CI 
A 
A 
A 
A 
(2 
Q 
-- 
0 
0 
0 
0 
190 
190 
0 
80 
17000 
0 
01 
60 
0 
3SO 
410 
0 
150 
170 
? 
0 
? 
150 
2100 
> 2000 
G9CO 
0 
0 
0 
50 
0 
0 
50 
GO 
250 
0 
0 
2100 
6, 
2- 
2+ 
6, 
7- 
6, 
7- 
5+ 
5, 
9- 
3, 
2+ 
6- 
8+ 
6+ 
70 
G+ 
5- 
50 
5+ 
6- 
4-t 
54- 
7- 
st- 
7- 
80 
4, 
3+ 
40 
7- 
50 
4- 
4- 
4-1- 
G 1- 
40 
4- 
G t  
Another maximum at 23 0 h. 
Another maximum a t  2310 h. 
Very cloudy. Observed on 
Ph.11 a t  about 0100 h. 
S t a r t s  suddenly a t  2250 h. 
Red arc. Aurora v i s i b l e .  
Exceptional aurora  and 
v i s i b l e .  
Sudden start a t  2230 h.  
Sky very cloudy 
Another maximum a t  2130 h 
According t o  photo 11, an- 
o ther  maximum probable a t  
2300 h. 
Very cloudy 
Another maximum a t  2140 h. 
Red arc. Aurora v i s i b l e .  
Ib .  White aurora maximum 
at about 2020 h. 
Red a rc .  Aurora v i s i b l e .  
Doubtful aurora 
Sudden corn. a t  about 
2230 h. Secondary maxi- 
mum a t  0100 h. 
Very cloudy 
Red arc. Aurora v i s i b l e .  
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T A B L E 6 (continued) 
RED AURORAE 
Hours of Hour Q Class Pole  KP Remarks 
Date observat ion maximum maximum maximum 
' 171 1/58 
111 2 
121 2 
131 3 
181 3 
171 4 
181 4 
171 5 
101 6 
211 6 
211 3 
71 6 
a/ 7 
211 7 
171 8 
51 9 
71 9 
161 9 
4/12 
22/10 
14/12 
5/  1/59 
91 1 
101 1 
141 2 
161 2 
271 2 
281 2 
11 3 
81 4 
111 4 
ill 5 
91 4 
41 5 
151 5 
271 6 
281 G 
291 G 
301 G 
20 30- 5.40 
18.30- 1.30 
18.20- 2.50 
22.40- 1.00 
19.00- 4.30 
19.00- 4.20 
19.40- 3.30 
20.10- 3.30 
20.30- 2.30 
21.10-23.00 
21.10- 0.20 
23.10- 1.50 
21.30-23.00 
21.50-23.20 
20.40- 1.50 
19.20-21.20 
20.10 23.10 
20.30- 2.00 
1 40- 4.20 
18.20- 0.40 
20.20- 5.20 
17.32-23.24 
17.30- 6.02 
17 32- 5 35 
23.53- 5.30 
1.41- 5.30 
19.22- 2.55 
10.22- 0.05 
21.25- 3.40 
20.35- 2.20 
21.55- 2.45 
0.20- 2.60 
21.00-.23.30 
21.0(i-53.54 
2t .03- 0.1s 
20.53- 0.59 
3.25 
25.30 
20.05 
22.40 
3.50 
1.25 
22.40 
23.10 
7 
21. I O ?  
? 
? 
21.40 
22.407 
23.55 
19.20 
22 .oo 
0.501 
? 
0.20 
3 
21.307 
23.35 
22.05 
5.30 
3.30 
0.3011 
? 
22.30 
2.20 
2 45 
2 40 
22./,G? 
? 
? 
? 
200 
6400 
200 
200 
200 
2GO 
500 
290 
? 
? 
? 
? 
> 12000 
660 
IGOO 
1800 
660 
> 350 
14700 
> 850 
> 700 
> 2G00 
> 2G00 
1200 
520 
620 
? 
? 
150 
GOO 
700? 
7007 
1 so0 ? 
1300? 
> 25001 
? 
Q 
Q 
Q 
Q 
Q 
Q 
A 
Q 
? 
Q 
? 
3 
A 
Q? 
Q 
A 
A 
? 
A 
Q? 
Q 
A 
A 
A 
(2 
(2 
? 
? 
Q 
Q 
Q 
(2 
0 
(2 
: 
0 
10400 
120 
GO 
180 
100 
I50 
0 
0 
0 
0 
170 . 
13000 
220 
190 
0 
220 
1100 
70& 
501 
709 
200 
Go 
'0 
360 
70 
707 
701 
0 
0 
0 .  
is0 
50 
0 
SO? 
50? 
501 
501 
4+ 
6 0  
6 0  
2+ 
4+ 
6 0  
60 
5+ 
44- 
4- 
5- 
60 
9- 
6+ 
7 f  
6- 
40 
5+ 
5+ 
70 
40 
6- 
6+ 
5+ 
6- 
6- 
50 
6- 
4-+ 
6 0  
5-1- 
.SO 
Gt 
70 
60 
50 
3t-  
6-1- 
3, 
Red arc. 
Very cloudy An- 
o the r  maximum end 
Very cloudy [of n igh t ]  
Very cloudy 
Ib id .  
Ib id .  
Ib id .  
Red arc. Aurora vi- 
s i b l e .  Cloudy. 
Very cloudy 
O f  f e w  min.duration 
only 
Very cloudy 
Very cloudy 
Cloudy. Several  maxima 
Red arc. Aurora vis. 
Cloudy 
Very cloudy 
Cloudy a t  beginn. 
A r c  formed at end 
of night .  Abnormal 
prod. (weak aurora) 
Sharp arc form. 
Photo I11 i n  t roub le  
Ib id .  
Ib id .  
Very cloudy 
Very cloudy 
Concealed by clouds 
Very cloudy 
The aurorae of 2 7 -  
30 June look l i k e  ano- 
malous t w i l i g h t s ,  but 
azimuths s h i f t e d  t0w.N. 
3.4 
T A B L E 6 (continued) 
RED AURORAE 
Remarks Hours of Hours 0 C l a s s  Pole Kp 
observation m a x i m a  maximum m a x i m u m  
Date 
41 7 
31 9 
111 7 
61 8 
3/10 
1/11 
2/11 
2/12 
5/52 
311 3/60 
11 4 
2/ 4/60 
231 4 
241 4 
271 4 
%/, 43 
,301 4 
151 7 
161 7 
161 S 
171 8 
3/10 
13/11 
91 1/61 
71 2 
11 5 
131 7 
11/11 7 
151 7 
171 7 
2/ 8 
11/n 
no/ 4/63 
251 (; 
91 5/M 
o/ 5 
ti/ n/ (i 
17/11 
20.50- 2.14 
22.20- 2.03 
20.14- 3.01 
19.59- 3.05 
18.43- 4.00 
18.59- 4.30 
17.40- 4.58 
17.46- 4.5s 
' 18.40- 5.43 
22.00- 5.30 
22.36- 2.44 
23.01- 4.01 
23.53- 3.06 
19.42- 3.12 
19.54- 2.59 
i9.5s- 3.31 
20.4s- 3.14 
22.36- 3.12 
21.20-23.10 
20.35-23.55 
10.55- 0.05 
19.50- 0.50 
20.05- 2.50 
22.30- 3.45 
1s. 00-23.50 
19.50- 5.15 
20.15- 2.45 
21.00- 2.20 
23.00- 0.20 
21.35- 2.25 
21.30- 2.35 
20.25-22 .:10 
18.00- 0.50 
1 .25- 3.05 
22 30- 2.10 
18.30-21 .OO 
20.20- 2.50 
20.25- 2.40 
21.00- 2.10 
21 .os- 2.40 
? 
3 
23.4G? 
23.33 
22.01 
? 
23.491 
0. OO? 
4.21 
23.00 
22.351 
23.01 
7 
? 
1.21 
23.34 
1.17 
23.36 
21.30 
20.58 
20.20 
20.00 
22.14 
3.37 
21.27 
2.07 
21.22 
21 .13 
? 
? 
21.47 
20.33 
21.05 
1 .xi 
1.12 
20.30 
0.13 
20.45 
21 .'Lt+ 
21.37 
? 
>m 
1801 
6800 
370 
? 
$Go? 
IGO? 
750 
1030 
> 4900 
470 
? 
> 260 
400 
940 
270 
2 210 
250 
500 
1200 
950 
30 
1700 
20 
50 
450 
os0 
? 
? 
190 
200 
1 so 
120 
450 
250 
GOO 
500 
GO 
Q 
Q 
Q 
A 
A 
? 
Q 
Q 
Q 
Q 
A 
Q 
? 
47 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
(z 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
2 
Q 
Q 
1001 
350 
540 
1000 
100 
0 
50 
0 
3/10 
100 
1500 
300 
0 
io01 
501 
1007 
0 
450 
50 
100 
650 
0 
0 
40 
670 
0 
70 
200 
330 
0 
0 
0 
0 .  
0 
0 
70 
400 
70 
120 
SO 
0 
40 
6+ 
50 
8- 
70 
6- 
6- 
6+ 
50 
G+ 
9- 
7+ 
7+ 
7- 
7- 
70 
6+ 
70 
$0 
5- 
t- 
6+ 
5 f  
70 
$0 
50 
7- 
3- 
6+ 
G+. 
3 I -  
5 t  
G O  
6-- 
4 P  
3, 
5- 
1-1- 
11- 
Ib id .  
Ib id .  
Veryaweak a r c  forms 
Very bad 
Forms very weak a r c  
Weak a rc .  
'Very cloudy 
Also a t  s t rong  max.S 
Existence somewhat i n  
doubt 
Very cloudy 
Very cloudy 
Cloudy a t  end of night  
Clouds a t  beginn. and 
end. Exis ts  a t  beginn. 
No r e g i s t r a t i o n  a t  75'. 
Exis t s  a t  beginning, 
E x i s t s  at beginning. M a x i -  
mum at the  s. S tar t s  
again from 0055 h. on. 
Very cloudy. 
#&s cloud a t  zeginn. a f  be @n%ght 
Ib id  . 
Cloudy a t  beginn.of n ight  
Very cloudy. No  regis-  
t r a t i o n  a t  75". 
Maximum t o  t h e  S. 
Ex i s t s  a t  beginn.of n ight  
I b i d  
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T A B L E 6 (continued) 
RED AURORAE 
Date Hours of Hour Q Class Pole  Kp Remarks 
observation maximum maximum maximum 
0 5- Cloudy a t  beginn.night 
20 6- 
I O /  6 21.30- 2.05 1.58 70 Q 
131 3/66 19.15- 1.15 23.10 140 Q 
5- Aurora accomp.by a r c ,  2-41 GI66 0.00- 2.00 2.00 500 Q > 100 
20 4+ SSC on 15th  a t  1500 h. 
70 3- Ib id .  a t  0954 h. Kp 
151 7/6G 21.00- 1.30 22.50 200 Q 
16/10/66 18.30- 4.30 0.30 100 Q 
a t t a i n s  60 during t he  
day of 16th.  
40 6+ SSC a t  0759 h. 
so 7+ SSC a t  1202 h. 
120 G+ SSC a t  1636 h. 
71 1/67 18.00- 2.50 2.50 400 Q 
131 1/67 19.15- 4.50 2.05 1400 Q 
7/ 2/67 18.25- 5.25 22.00 4OooO Q 
T A B L E  7 
~ According 
t o  t h e  iono- 
06 300 [01] 
6300 6700 5577 52GO 3670 LogG300 [Or] sri;here 'G700, 011 5577 
DilT6rcnee . . . . 11265 
- 331 500 225 486 (573) 
379 412 172 362 300) - 
- 43 ,L 75 53 126 (573) 
414 1311 504 13% (023) - 
389 097 252 503 (362) (434) 
25 314 252 706 (561) 
165 . 
251 
- 86 
42 
402 
- 160 
-337 
257 
130 
857 
TG9 
ss 
315 349 558 106 40G (432) (347) 204 
135 327 713 226 507 (319) (328) 150 
54 -- 12s - 2 
1GO 
24s 
25 - 155 - 30 - 201 (1131 (19) 
136 45G 024 2Sl 557 (317) (2%) 
- 137 - 277 - 66 - 140 (01) (-- 9) 
2G5 319 647 225 %. 447 (40s) (279) 
- 5s -21s - 30 
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Aurorae and red arcs w e r e  observed during 9 of t h e  53 storms analyzed here .  
A l l  these  events  appeared t o  be connected wi th  important magnetic disturban- 
ces, e i t h e r  i n  period of SSC magnetic storms (77 cases)  o r  i n  period of dis-  
turbances with gradual  commencement (50 cases) .  For t h e  9 storms and during 
t h e  period from 6 t o  36 hours a f t e r  t he  S S C ,  AH Chambon is  -32y. 
The only c e r t a i n  e f f e c t  i s  t h a t  of t he  red l i n e  which is  considerably en- 
hanced. 
t h e  second day a f t e r  t he  commencement of t h e  storm. 
It seems a l s o  t h a t  t h e  green l i n e  increases  gradual ly  s t a r t i n g  from 
The v a r i a t i o n s  of these  two r ad ia t ions  are i l l u s t r a t e d  i n  Figures 9 and 10. 
The small number of observat ions precludes t h e  r eve la t ion  of v a r i a t i o n s  f o r  
o ther  r ad ia t ions ,  which are not  represented. 
The d i u r n a l  v a r i a t i o n  of t h e  red l i n e  i s  "two-mode". There e x i s t s  a re- 
l a t i v e l y  important minimum at  about 2330 h UT, the  maxima taking place a t  more 
o r  less 2200 (main maximum) and 0200 h (secondary maximum). This v a r i a t i o n  
i s  t o  be compared wi th  t h e  frequency of appearance of t h e  aurora a t  t h e  same 
s t a t i o n ,  (D. Barbier ,  1958). The green l i n e  v a r i a t i o n ,  provided i t  i s  real, 
is reversed. It seems t h a t  we have t o  do wi th  the  enhancement of t he  d iurna l  
v a r i a t i o n  of t h i s  emission. 
The i n t e n s i t y  maximum of t h e  red l i n e  is  a t t a i n e d  a t  about 36 hours a f t e r  
storm commencement, t h a t  is ,  during the  recovery s tage .  The co r re l a t ion  of t h e  
i n t e n s i t y  logari thm of the  red l i n e  and of t h e  d igress ion  of t h e  hor izonta l  
component AH 
(Refer t o  Fig.7).  
does not  d i f f e r  from what has  been observed f o r  t h e  white aurorae.  
The c o r r e l a t i o n  of observed and ca lcu la ted  i n t e n s i t i e s  i s  not  good, accord- 
ing t o  Barbier ' s  ca cu la t ions  (Fig.11). 
Table 7 on t h e  preceding page po in t s  t o  the  importance of e f f e c t s  on each 
r a d i a t i o n  i n  the  course of white  aurorae and p a r t i c u l a r  red aurorae.  
2 .  EFFECTS OF MAGNETIC STORMS ON 
THE NIGHT SKY 
a )  Method of Analysis 
The s ta t i s t ica l  greatment of measurements obtained during t h e  storm period 
i s  performed i n  several s tages :  
and p l o t t e d  on c h a r t s  punched wi th  t h e  a id  of a curve reader .  
t he  analogic  r e g i s t r a t i o n  is  a t  f i r s t  d i g i t a t e d  
Conversions are then performed and the  v a r i a t i o n s  are drawn f o r  each of 
t h e  r a d i a t i o n s  as a func t ion  of t i m e .  This f i r s t  treatment allows an ind iv i -  
dual  cons idera t ion  of storms; moreover, on t h i s  occasion t h e  erroneous measu- 
rements, of which t h e  percentage is  very low, may be detected.  The corrected 
measurements are then t r ea t ed  by the  method of superimposed epochs (Chapman & 
Bartels, 1940). The v a r i a t i o n s  as a f u n c t i o n o f  storm development are determined 
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VARIATIONS I N  TI%IE OF STORMS 
, I  I avant II apris 
le ssc. la ssc 
before SSC a f t e r  
- 
'// ( 
- 
11 - 
6300 01 
- 
loo0 
900 
BOO 
600 ' °1 
500- 
- 
- 
- 
I1 
{I 
* '  Fig.9. Aurorae or  red arcs' v a r i a t i o n s  
as a func t ion  of storm t i m e .  Variat ion 
of t h e  average i n t e n s i t y  of oxygen's 
red and gree l i n e s  as a func t ion  o t  t i m e  
counted i n  hours from t h e  SSC. I n  each 
3-hour i n t e r v a l  ( t h e  f i r s t  going from - 12 t o  -9 hours) t h e  mean values  of a l l  
t h e  observat ions and t h e  probable e r r o r  
of t h i s  average, are computed i n  t h e  opt i -  
mistic hypothesis t h a t  these  measurements 
are independent anf of Gaussian d i s t r ibu -  
t ion .  The va lues  were p re l imina r i ly  
corrected f o r  t h e  d iu rna l  v a r i a t i o n  by sub- 
t r a c t i n g  the  mean monthly value a t  t h e  
c l o s e s t  round half-hour. For t h e  red l i n e  
t h e  ca l cu la t ions  and t h e  Figure are expres- 
sed i n  logari thmic i n t e n s i t i e s ,  The scale 
of t h e  corresponding ord ina tes  i s  ca l ib ra t ed  
i n  logarithms of base 10. 
apply t o  t h e  subsequent flgurms 
The same convention 
5 577 01 
18 I A I ab $8 24 30 
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1 1 1 1 1  
Fig.10. Aurorae o r  Red Arcs. 
Diurnal v a r i a t i o n s .  This f i g .  
represents  t h e  d iu rna l  varia- 
t i o n  of t h e  mean i n t e n s i t i e s  
of oxygen l i n e s  i n  the  course 
of t h e  24 hours t h a t  precede 
t h e  storm, during t h e  storm 
and t h e i r  d i f fe rences .  Only 
the  per iods observable year 
round w e r e  joined by s o l i d  
l i n e s .  Outside these  per iods 
the  r e s u l t s  are doubt less  af-  
fec ted  by t h e  annual v a r i a t i o n  
of intensities. To be noted 
is t h e  r e l a t i v e  minimum of t h e  
red aurora toward midnight and 
a l s o  t h e  inverse  e f f e c t ,  more . 
questionable,  f o r  t h e  green 
l i n e .  
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Fig.11. Variat ion of t he  red l i n e ,  of 
t h e  ionosphere and of t he  terrestrial 
magnetism during t h e  aurora  and red arc 
per iods;  t h e  conventions are t h e  same 
a s  f o r  Fig.8. Note t h a t  t h e  i n t e n s i t y  
of t he  l i n e  6300 01 during the  aurora 
is d i s t i n c t l y  more important than what 
is indicated by t h e  Barbier ' s formula 
by d i s t r i b u t i n g  t h e  measurements 
wi th in  23 i n t e r v a l s  of 3 hours,  
from 1 2  hours p r i o r  t o  57 hours 
a f t e r  t h e  i n s t a n t  of t h e  S S C .  The 
d i u r n a l  v a r i a t i o n s  are determined 
by d i s t r i b u t i n g  t h e  observat ions 
obtained during the  1 2  hours pre- 
ceding t h e  S S C  on t h e  one p a r t ,  
and between 6 hours p r i o r  and 36 
hours a f t e r  t h e  S S C  on t h e  o ther ;  
they are analyzed as a func t ion  of 
UT by 30-minute i n t e r v a l s .  In 
each i n t e r v a l  t h e  program computes 
t h e  mean va lues  and t h e  s tandard 
e r r o r s  on t h e  average values:  
This formula could be v a l i d l y  
appl ied t o  independent measurements 
of Gaussian d i s t r i b u t i o n .  
I n  f a c t  i t  is here  very optimis- 
t i c ,  f o r  t h e  immediately consecutive 
measurements, counted wi th in  one and 
t h e  same interval,  are s t rongly  cor- 
r e l a t e d .  The standard e r r o r s  indica- 
ted i n  t h e  t a b l e s  and p l o t t e d  i n  the  
f i g u r e s  by uncer ta in ty  s t rokes  a r e  
thus l i k e l y  underestimated by a fac- 
t o r  of 3 and 2 f o r  t h e  v a r i a t i o n s  
with the  t i m e  of t h e  storm and t h e  
d iu rna l  v a r i a t i o n s  respec t ive ly .  
One is aware t h a t  t h e  n ight  sky 
l i g h t  i s  sub jec t  t o  seasonal and d i -  
u r n a l  v a r i a t i o n s  of g r e a t  amplitude. 
Although t h e  s tudied  storms 
t r ibu ted  i n  a f a i r l y  homogenous man- 
ner  (see Figs .1  and 31, i t  i s  neces- 
s a ry  t o  co r rec t  t h e  r e s u l t s  of these  
systematic  v a r i a t i o n s ,  The above- 
descr ibed ca l cu la t ions  were thus 
taken up again a f t e r  sub t r ac t ing  
from each i n t e n s i t y  the  average one 
obtained during t h e  same luna t ion  a t  
t h e  nearest exact half-hour. This 
procedure improves considerably the  
prec is ion  of storm e f f e c t  determina- 
t ion .  Only an a b s t r a c t  of t h e  e f f e c t s  
t h a t  seem most s i g n i f i c a n t  t o  us w i l l  
be presented i n  t h e  following. 
are d is -  
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Resul ts  a t  t h e  Haute-Provence Observatory (OW) 
The 44 storms r e t a ined  f o r  ana lys i s  of v a r i a t i o n  of n igh t  sky l i g h t  accord- 
ing t o  t h e  above cr i ter ia  are a l l  character ized by a main phase of f eeb le  ampli-  
tude (Fig.5).  The AH Chambon extreme is o f - 8 2 ~ ~  whereas t h e  mean AH Chambon 
during t h e  storm ( from 6 t o  36 hours a f t e r  SSC) i s  relative t o  t h e  va lue  p r i o r  
t o  SSC of only -16 f16y .  The mean value of each of t hese  r a d i a t i o n s  during 
1 2  hours preceding t h e  SSC on t h e  one hand, and during t h e  main phase (6 to  36 
hours a f t e r  t h e  SC), on t h e  o the r ,  i s  presented i n  Table 8 * ~ . t  appears 
i n  t h e  course of t h e  main phase the  following r a d i a t i o n s  are enhanced: 
t h a t  
8 
6300 01 
5577 OI 
continisurn N + 2 + 1 yo. 
N + 4 f 2 % 
N + 5 f 2 % 
3670 = - - t 2 f l %  
On the  cont ra ry ,  t h e  following r ad ia t ions  are at tenuated:  
6'ioooII~-s-+2yo 
5803 N.1 N - 2 _t 2 yo 
63GO 011 N - 7 f 1 yo 
The ca l cu la t ion  of probable e r r o r s  shows t h a t  a l l  t h e  e f f e c t s ,  with t h e  
exception of t he  e f f e c t  on sodium, are p r a c t i c a l l y  ce r t a in .  One may n o t i c e  
t h a t  t h e  co r re l a t ions  es tab l i shed  by D. Barbier,  between a l l  t h e  d i f f e r e n t  ra- 
d i a t i o n s  are found again i n  t h e  e f f e c t  of t h e  storm and t h a t  each of t he  co- 
var iance  groups behaves i n  a s p e c i f i c  fashion.  
The e f f e c t  observed OR t he  green l i n e  is independent of t h a t  announced by 
Christophe-Glaume (1963) and confirmed by Silverman and B e l l e w  (1966). This 
last  e f f e c t  t akes  p lace  during t h e  2 o r  3 hours following t h e  sudden commence- 
ment and i s  not  taken i n t o  account i n  t h e  above statist ics.  
Var ia t ions  of t he  group A (5577 01, Continuum, Herzberg). 
- Dst-variation: a f i r s t  enhancement of 6% appears soon a f t e r  t he  sc, 
passes  through a m a x i m u m  toward t + 1 h and is then followed by a r e l a t i v e  m i -  
nimum a t  +4 h and by a s l i g h t l y  more important increase ,  bu t  more spread, which 
a t t a i n s  i ts  maximum at +19 hours.The decrease i s  then gradual  t ill  +37 h. It 
seems t h a t  t h e r e  is then another ,  second outbreak, while  t h e  magnetic storm is 
p r a c t i c a l l y  ended (Fig.12). 
- DS-variation: t h e  enhancement due t o  the  storm is  c l e a r e r  during t h e  
f i r s t  p a r t  of t h e  n ight  (Fig.13). 
The v a r i a t i o n s  are of same type f o r  a l l  r a d i a t i o n s  of group A .  
Varia t ions  of t h e  Group B (OH, Na). - 
The d ispers ion  of i n t e n s i t i e s  of t h i s  group is important and, d e s p i t e  
t h e  amplitude of 8% of the  storms, w e  dispose of too l i t t l e  information t o  
enable u s  t o  make its form more prec ise .  
are e n t i r e l y  p a r a l l e l ,  whereas t h e  v a r i a t i o n s  of sodium duplet  a t  5893 A, are 
sens ib ly  weaker than might be an t i c ipa t ed  from t h e  usua l  co r re l a t ions ,  though 
they are of same d i r e c t i o n .  
The v a r i a t i o n s  of OH a t  6300 and 6700 A 
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- ,Dst-variation: The 
v a r i a t i o n  i s  p r a c t i c a l l y  con- 
t r a r y  t o  t h e  corresponding 
v a r i a t i o n  of t he  group A. A 
similar e f f e c t  t o  t h a t  a f f ec t -  
ing  t h e  green l i n e ,  bu t  with 
opposi te  s ign  (amplitude -7%) 
is  observable wi th in  2 hours 
following SSC . 
- DS-variation: The 
e f f e c t  is maximum during t h e  
second p a r t  of t h e  n igh t ,  
f e e b l e  or zero a t  t h e  begin- 
ning of i t .  
Variat ions of the  Group C 
(6300 01) 
- Dst-var ia t ion 
The red l i n e  passes by 
a f i r w t  maximum during the  12 
hours t h a t  follow S S C ;  i t  then 
r e t u r n s  t o  its normal value,  
then increases  again; a 2nd 
maximum i n  amplitude, compa- 
r a b l e  to  the  f i r s t ,  t akes  
p lace  24 hours later;  t h i s  
maximum is of the  order of 5%- 
- DS-variation: The ef-  
f e c t  of the  storm increases  
i n  t h e  course of t he  n ight  
and seems t o  pass by a maxi- 
mum around 0200 hours LT. 
This  v a r i a t i o n  i s  c l e a r l y  
d i f f e r e n t  from t h e  v a r i a t i o n  
i n  t h e  aurora or  red a r c  
period, which involves a 
marked minimum i n  t h e  middle 
of t h e  n ight .  
Corre l s t ion  of red l i n e  
i n t e n s i t y  with the  magnetism 
and t h e  ionosphere : 
Storms of t h i s  category 
are weak, j u s t  as are the  op- 
t i c a l  e f f e c t s  assoc ia ted  with 
them. Under these  condi t ions 
t h e  c o r r e l a t i o n  of t h e  magne- 
t i c  d igress ion  - AH Chambon 
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f o r  Fig.9. 
storms. W e  s h a l l  note:  
a )  the  absence of band N2+ enhance- 
ment ( the  weak v a r i a t i o n s  be3n.g probably 
due t o  the  imperfection of t h e  correc- 
t i o n  formula) ; 
b) a p o s i t i v e  e f f e c t  on t h e  green 
l i n e  5577 A during the  i n i t i a l  phase of 
t he  main storm phase, and t h e  post-dis- 
turbance t h a t  begins 36 hours a f t e r  t he  
commencement of t h e  storm; 
c ) a  weak e f f e c t ,  s l i g h t l y  doubtful ,  
on t h e  red l i n e  which shows a l a r g e  m a x i -  
mum about 32 hours a f t e r  commencement. 
The conventions are t h e  same as 
Analysis r e f e r s  he re  t o  44 
d) a negat ive e f f e c t  on t h e  inten-  
Fia.l3-. This  f igu re ,  drawn accord- 
ing t h e  s a m e  conventions as i n  
Fig.10, shows t h e  absence of a 
sens ib l e  d iu rna l  v a r i a t i o n  of t h e  
storm e f f e c t  on t h e  i n t e n s i t y  of 
t h e  oxygen l i n e s  and of t h e  OH 
bands 
s i t y  of t h e  OH bands (6700 and 6300 A) 
which v a r i e s  i n  opposi t ion with the  green l i n e .  
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and of t he  i n t e n s i t y  of t he  red  l i n e  is t o t a l l y  undetectable  (Fig.7). The 
i n t e n s i t y  of the  red l i n e  remains s t rong ly  r e l a t e d  t o  ionospheric  parameters 
by t h e  Barbier formula, less, however, than it  is  i n  a magnetoquiet period 
and a t  t h e  beginning of t h e  n igh t ,  The i n t e n s i t y  observed is f requent ly  
g r e a t e r  than might be expected from the  a l t i t u d e  and t h e  e l ec t ron  dens i ty  of 
t h e  F-region. 
c )  Resul ts  a t  the  Tamanrasset Observatory (TAM) 
The mean c h a r a c t e r i s t i c s  of storms analyzed a t  Tamanrasset are reca l l ed  
i n  Figure 3. 
Table 9 shows t h a t  i n  the  course of t he  main phase the  following radia-  
t i o n s  are enhanced: 
4400 N 3 f 1 yo 
2 f 1,5 yo 5577 D h  N 
3670 N 2f 1,5%. 
and, o n  t h e  contrary,  t h e  following ones are a t tenuated :  
G300 01 CL - 1s & 4 yo 
moo E -  2 f  1 yo 
5s93 N- 4 3: 2 yo 
3 rlr: 1 % N --- 
With the  exception of t he  red  l i n e ,  whose v a r i a t i o n  is r a t h e r  important 
and of opposi te  s i g n  t o  t h a t  observed a t  O H P ,  t h e  e f f e c t s  are q u i t e  analogous 
a t  both s t a t i o n s .  They d i f f e r ,  however, i n  some d e t a i l s .  
Var ia t ions  of t h e  Group A .  
Barbier and Glaume (1960b) have shown t h a t  a t  low l a t i t u d e s ,  two regions 
of d i f f e r e n t  a l t i t u d e  would con t r ibu te  t o  the  green l ine  emission, The separa- 
t i o n  of these  two components is made poss ib l e  by the  f a c t  t h a t  t he  high emission 
of t h e  green l i n e  remains propor t iona l  t o  the  emission of t he  red l i n e .  This 
co r rec t ion  w a s  appl ied  i n  order  t o  obta in  t h e  i n t e n s i t i e s  of t h e  green l i n e  a t  
low a l t i t u d e  (5577 BA); 
storm e f f e c t  upon t h e  two emission l a y e r s  are of opposi te  s ign .  
i t  i s  p a r t i c u l a r l y  important i n  t h i s  case s i n c e  t h e  
5577BA shows a maximum about 18 hours a f t e r  t he  commencement of the  storm. 
S t a r t i n g  from t h e  second day t h e  observat ions are too scarce and d ispersed  t o  
a l l o w  u s  t o  a s c e r t a i n  the  second maximum t h a t  exists a t  O W .  
It is i n  t h e  middle of t he  n igh t  t h a t  t h e  storm enhancement is  maximum; 
t h i s  is  c l e a r l y  shown i n  Fig.14 and i n  t h e  example of Fig.15. 
- Varia t ions  of t h e  Group B. 
A s  f a r  as can be  judged from Fig.14, t h e  v a r i a t i o n  i n  t i m e  of storm are 
of somewhat lower amplitude, bu t  q u i t e  similar t o  those observed a t  Om. 
The i n t e n s i t y  decrease c h a r a c t e r i s t i c  of beginnings of normal n igh t s  does 
not  e x i s t  i n  a storm period (Fig.16) and t h i s  is  cont ra ry  t o  what is  the  case 
a t  the  OHP; t he  storm e f f e c t  is most important during the f i r s t  p a r t  of t h e  
n ight .  
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T A B L E  9 
VARIATION OF PRINCIPAL GROSS AND DECONTAMINATED ' 
RADIATIONS I N  PERIOD O F  STORMS AT TAMATWASSET 
I 
G300 01 * 
6700 
5sm 
5577 
5260 
4400 
3670 
6700 011 
log (3300 01 * 
6300011 * 
5577 01 * 
5577 f3A * 
Nhre d'obs. 
Averages 
before  SSC 
Averages** Averages** Mean ** 
before  SSC a f t e r  SSC Differences 
838& 15 
355* 3 
579& 8 
816& 8 
279k 3 
2G3& 2 
22Gj;  2 
419s. 3 
4 2 8 j ;  6 
677f 8 
so2 . 
657 rfs G 
53G& 4 
124 rf; 8 
29rf; 4 
7zk1 
25 3; 4 
4Zk 1. - 1 r f ; i  
3&3 
9 r f ; l  
g* 2 
21* 1 
5 f  4 
- 
30& 3 
802 
- 3 O t G  
OLt;  i 
5 t 2  
12& 3 
- 5&1 
18 rf; 2 
21f: 1 
-11&i 
19& 2 
19,. 4 
? & I  
1772 
- 154 -& 10 - 73; 1 - 24rf; 4 
- 13'f 5 
- if .  1 
7& 1 
- 7f 1 - N _ t  2 
- 14& 1 
- 11f. 4 
1 4 &  6 
15f 4 
N , B .  ** denotes the  decontaminated r a d i a t i o n s  at TAM 
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Fig.14. Varia t ion  of t he  n ight  
sky as a func t ion  of storm t i m e  
a t  TAM. The conventions a r e  t h e  
same as for Figures  9 and 1 2 .  
The ana lys i s  r e f e r s  t o  44 storms. 
Note t h e  s imi l i t ude  between t h e  
OHP (Fig.12). Only t h e  6300 01 
v a t i a t i o n s  are of opposi te  d i rec-  
t i o n  a t  both these  s t a t i o n s .  
' v a r i a t i o n s  observed a t  TAM and 
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Variations of the Group C .  
The variation of the red line 6300 01 is the most spectacular; contrary 
to what has been described for the Haute-Provence Observatory (OW), its in- 
tensity decreases by about 25% in the course of the first 12 hours of the 
storm and offers a second comparable minimum about 30 hours after the SSC. 
magnetoquiet periodenhancements in the intensity of the red line are observed 
at Tamanrasset; they set in most often during the first part of the night and 
are due to the intertropical arc or emission spots into which the arc degene- 
rates during the summer. 
storms these enhancements do not appear or are at least very attenuated. The 
disappearance of the intertropical arc in the course of a particular storm 
on 12 November 1960 was mentioned by Barbier (1962). 
In 
In the course of the main phase of major magnetic 
This would be interpreted as a systematic effect. The correlation between 
the red line intensity and the Dst-parameter (Sugiura) is narrow, as it is well 
illustrated in Fig.17, 
The registrations are too scarce and the ionospheric and optical stations 
are too remote to enable one to discern a difference in the correlation of 
their registrations in magnetoquiet as well as in disturbed periods (Fig.l7,b,c). 
0 I 
1000 
L-I 4 
0 
0 n 
\o 
25.12.59 
26.12.59 
27-12 -59 
Fig.15. 
One may notice for the night of 26 December 1959 an enhancement of the low 
altitude component of the green line and 3 relative attenuation of the red 
line at the beginning of the night 
Example of variations observed in the course of an individual storm. 
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Fig,l6. DS-variations of the night sky 
at TAM. The conventions in this figure 
are the same as for Fig.13, to Bxhjtch it 
must be compared 
D I S C U S S I O N  
The present study has shown that 
the night sky emission at middle and 
low latftudes is little affected in 
the course of magnetic storms, The 
perturbations? amplitudes are sum- 
marized in Table 10. We shall discuss 
them by groups of increasing altitudes. 
s 
x 
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Fig.170 Correlation at Tamanrasset 
of the logarithmic intensity of the 
red line and the planetary magnetism 
and with the local ionosphere. 
One may notice the strongly 
negative correlation with the energy 
of the storm characterized by the 
Ast-index (Sugiura). The three points 
which depart from this correlation 
correspond to the eve of 17 Aug.1958. 
They may possibly indicate the pre- 
sence of a low latitude aurora. Only 
the intensities observed in the di- 
rection of the celestial pole between 
2100 and 2300 h.UT inclusive are re- 
presented. The intensity maximum 
of the arc is probably in anticorre- 
lation still more narrow with Dst. 
b), c) Correlation of red line 
intensity with that calculated by the 
Barbier formula, starting from the 
ionosphere, in magnetoquiet (b) and 
disturbed (c) period. The remote- 
ness of the geographic zones makes 
the comparison imprecise. 
a) 
T A B L E  10 
O W  TAM 
Number of analyzed storms 
Kp prior to SSC 
Kp from 6 to 36 hrs after SSC 
Variation of Group A 5577 01 
Variation of Group B OH, Na 
Variation f Group C 6300 01 
53 18 
1.76 2.35 
3.26 3.62 
+5 percent +2% 
-7 percent -3% 
4 percent -18% 
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Group B ( l i n e  D of sodium, OH bands). 
One is aware t h a t  e m i s s i o n s o f t h i s  group are exc i ted  a t  t h e  mesopause 
l e v e l ,  toward 85 km a l t i t u d e ,  by mul t ip l e  chemical r eac t ions  between d i f f e r e n t  
a l l o t r o p i c  forms of oxygen, hydrogen and their compounds. 
e x c i t a t i o n  r eac t ions  cu r ren t ly  are : 
The most p l a u s i b l e  
NaH + 0 .+ OH* + Na* 
H + 03 4 0, + OH* 
Ozone being formed by r eac t ions  of the  type: 
0, + 0 + M -+ 0, + M 
One is  thus  tempted t o  i n t e r p r e t  t he  behavior of group B emissions by 
impoverishment i n  atomic oxygen a t  mesopause level i n  t h e  course of magnetic 
dis turbances.  
Group A 
The emissions of t h i s  group o r i g i n a t e  a t  t h e  base of t h e  thermosphere, 
toward 100 !an a l t i t u d e ,  and r e s u l t  i n  t r i p l e  c o l l i s i o n  process:  
0 + 0 + 0 -+ 02 + o* 
(Chapman, 1931; Young 0, and Black, 19661, 
green l i n e  e x c i t a t i o n .  
which y i e l d s  account of oxygen's 
0 + 0 + M - +  02* + M 
which accounts f o r  the Kerzberg's band exc i t a t ion .  
The enhancement of t h e  green l i n e  during magnetic dis turbances w a s  a l ready  
mentioned by Roach, Mac Caulley and Matsushita (1960) a f t e r  F r i t z  Peak's ob- 
se rva t ions .  This excitement,  as w e l l  a s  t h a t  of Herzberg's bands, might pos- 
s i b l y  be in t e rp re t ed  by r eac t ion  rate acc re t ion  with temperature, o r ,  s t i l l  
more l i k e l y ,  by a r e l a t i v e  inc rease  of atomic oxygen maximum increase a t  t h e  
base of t he  thermosphere. 
It is w e l l  known (Barat ,  1966) t h a t  t h e  t r a n s i t i o n  reg ion  between t h e  
mesopause and the  thermosphere i s  charac te r ized  by important tu rbulen t  ex- 
changes. The r e s u l t s  expounded he re  i n d i c a t e  t h a t  t h e  mixing of t h i s  region 
of t h e  atmosphere would be  a t tenuated  i n  per iodsof  important magnetic d i s turb-  
ances. The explanat ion of such an  e f f e c t  could be sought f o r  i n  t h e  ex is tence  
during these  per iods ,  of s t rong  ver t ical  temperature g rad ien t s .  
Group C 
This  group inc ludes  red  l i n e s  of oxygen and t h e  green duple t  of n i t ro -  
gen a t  5200, The e x c i t a t i o n  p o t e n t i a l  of red l i n e s  is  of 1.97 ev. The 
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l i f e t i m e  of O(1D)  being of 110 seconds, t he  deexci ta t ion  by impacts is i m -  
po r t an t  below 200 km; 
t h a t  a l t i t u d e .  
t r o n i c  d i s s o c i a t i o n  of 02+ : 
t h e  major p a r t  of t h e  night t ime glow is  emitted above 
The p reva i l i ng  e x c i t a t i o n  process is t h a t  of r a d i a t i v e  elec- 
02+ + e- + o + 0, 
i n  which both r e s u l t i n g  oxygen atoms may be i n  the  s ta te  (’D). I n  t h e  aurora  
t h e  state (ID) is mostly populated by i n e l a s t i c  e l e c t r o n i c  c o l l i s i o n s ,  and 
t h i s  last  process  might play a r o l e  i n  t h e  selective e x c i t a t i o n  of t h e  red 
l i n e  of t h e  night t ime glow, provided t h e r e  exis ts  a s u f f i c i e n t  f l u x  of elec- 
t rons  between about 2 and 7 ev. 
The semi-empirical Barbier formula allows u s  t o  compute t h e  con t r ibu t ion  
of t h e  r a d i a t i v e  d i s s o c i a t i o n  t o  the t o t a l  radiance of the r ed  l ine by s t a r t i n g  
from ionospheric parameters h’  I n  accord with t h e  above i t  has  been 
e s t ab l i shed  t h a t  a t  low l a t  I tuzes  (Tamanrasset , Haleakala) t h e  c o r r e l a t i o n  of 
t h e  computed radiances a f t e r  t h e  ionosphere wi th  t h e  observed ones is  exce l l en t  
(Barbier,  1962b, c) .  To t h e  contrary,  i n  t h e  t rans-auroral  regions t h e  cor- 
r e l a t i o n  is p r a c t i c a l l y  undetectable  [Weill, 19661. A t  middle l a t i t u d e s  t h e  
c o r r e l a t i o n  is  r a t h e r  good i n  t h e  f i r s t  p a r t  of t h e  n igh t  and much more ques- 
t i onab le  toward morning hours [Barbier, 19631. 
and foFy. 
Elsewhere, t he  s ta t is t ical  study of ionospheric r e g i s t r a t i o n s  has shown 
t h a t  t h e  F-region is a f f ec t ed  by important dis turbances during magnetic storms 
[Martyn, 19531. A t  t h e  magnetic equator [Matsushita, 19591, an acc re t ion  of 
t h e  t o t a l  e l e c t r o n i c  content  and of t he  e l e c t r o n  d e n s i t y  maximum is observed 
during t h e  main phase. A t  t r o p i c a l  and middle l a t i t u d e s  a decrease i n  t h e  
t o t a l  e l e c t r o n  content of t h e  ionosphere re la t ive t o  mean level is observed 
t o  t h e  contrary.  These r e s u l t s  have been confirmed by topside soundings of 
AES Alouet te  and by measurement of t he  Faraday e f f e c t  [Po t t s ,  1965; Arendt, 
Papayonou, 19651. A t  middle l a t i t u d e s  t h i s  e f f e c t  shows an  important season- 
a 1 ” v a r i a t i o n .  
has shown (Lockwood & N e l m s ,  19641 t h e  importance of upper atmosphere heating 
during per turbat ions.  The temperature o f f e r s ,  relative t o  the magnetic acti- 
v i t y ,  a l a g  of s e v e r a l  hours [Jacchia e t  a l ,  19671. Cole (1965) proposed 
t o  i n t e r p r e t  t h e  s teady a u r o r a l  arcs by heat ing of the F-region due t o  t h e  
r e d i s t r i b u t i o n  of ho t  magnetospheric plasma during t h e  main phase of magnetic 
storms. 
On t h e  o the r  hand, t h e  study of atmospheric braking of AES 
A t  low l a t i t u d e s  (TAM), w e  have seen t h a t  during t h e  main phase of a 
storm t h e  i n t e r t r o p i c a l  arc tended t o  decrease i n  i n t e n s i t y ,  i f  no t  t o  disappear 
a l toge the r .  
cal  a r c s  could not  be explained by t h e  recombination of only t h e  l o c a l  ioni-  
za t ion ,  but ought t o  have r e s o r t e d  t o  t r a n s p o r t s  of i o n i z a t i o n  possibly from 
t h e  equa to r i a l  regions.  A t h e o r e t i c a l  model of Hanson and Moffet (1966) has 
made t h i s  mechanism more p rec i se .  The inc rease  i n  t o t a l  e l e c t r o n  content a t  
t h e  equator,  j u s t  as t h e  disappearance of t h e  i n t e r t r o p i c a l  arc imparts t h e  
idea  t h a t  t h e  i o n i s a t i o n  t r a n s p o r t s  i n t o  t h e  ionosphere region are less e f f e c t -  
ive i n  magnetically d i s tu rbed  periods.  
Barbier (1964) has  ind ica t ed  t h a t  t h e  radiance of r ed  i n t e r t r o p i -  
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A t  middle l a t i t u d e s  (OHP) w e  have shown t h a t  t he  radiance of oxygen's red 
l i n e s  rose  s l i g h t l y  during the  storm. 
s o c i a t i o n  in a u n i t  of volume is  wr i t t en :  
The rate of e x c i t a t i o n  by r a d i a t i v e  dis-  
k n(e) n(O2); 
t h e  concentrat ion of atomic oxygen is  l i k e l y  very s t a b l e  and t h e  enhancement 
of t h e  red l i n e  could not  be explained by an acc re t ion  of t h e  t e r m  n(e) ,  s ince  
t h e  t o t a l  e l ec t ron  content decreases s l i g h t l y  during storms, without t h e  a l t i -  
t u d e  of i on iza t ion  maximum being notably a f fec ted .  
The coe f f i c i en t  k is  a func t ion  s t i l l  l i t t l e  known of temperature; * t h e  
atmospheric heat ing if; t h e  course of an average storm c l a s s i f i e d  "night sky" 
is of t h e  order of 50°K [Jacchia  et a l ,  19671 and an increase by 3% of t h e  
e x c i t a t i o n  rate by t h i s  simple e f f e c t  would not  be unl ike ly .  
case t h e  ampl i f ica t ion  of t h e  storm would be mostly observed a t  t h e  beginning 
of t h e  n igh t ,  while t h e  opposi te  i s  noted, 
seems t o  ind ica t e  t h a t  t h e  emission component l inked with t h e  d i s soc ia t ive  
recombination decreases  during t h e  main phase of t h e  storm, and t h a t  t h i s  de- 
c rease  i s  more than compensated by another emission mechanism, 
rate l i k e l y  t h a t  t h e  threshold adopted, a f t e r  examipation of t h e  r e g i s t r a t i o n s ,  
t o , c l a s s i f y  the  n igh t s  wi th  red aurorae o r  "night sky", is  not  absolute .  
l y  a l l  magnetic storms would g ive  rise during t h e i r  main phase and t h e i r  re- 
covery phase to  a s t a b l e  au ro ra l  arc a t  middle l a t i t u d e s ,  of which the  radiance,  
which is  a - f u n c t i o n  of a r ap id ly  growing importance of t h e  storm, would most 
o f t en  be of only a few Rayleighs. 
However, i n  t h i s  
The e f f e c t  v a r i a t i o n  i n  l o c a l  t i m e  
It i s  a t  any 
Near- 
C O N C L U S I O N  
The long series of measurements obtained a t  the  Observatories of Haute- 
Provence and Tamanrasset allow us  t o  conclude about t he  exis tance of character-  
i s t i c  l i g h t  v a r i a t i o n s  i n  t h e  n igh t  sky i n  per iods of magnetic storms. The 
a t t enua t ion  of t h e  l i n e  D of sodium and t h e  OH bands c o n s t i t u t e  a new f a c t ,  
concomitant with the  enhancement of oxygen's green l i n e ,  of Herzberg's bands 
and of t he  continuum. These e f f e c t s  po in t  t o  the  f a c t  t h a t  t h e  vertical 
d i s t r i b u t i o n  of atmospheric cons t i t uen t s  and namely t h a t  of atomic oxygen, 
is s l i g h t l y p e r t u r b e d b y  t h e  storm at t h e  mesopause and t h e  lower thermopause 
l e v e l s .  
Analysis of high a l t i t u d e  emissions w a s  conducted with precaut ions,  f o r  
a l l  t h e  important per turba t ions  are accompanied by au ro ra l  e f f e c t s  o r  para- 
au ro ra l  ones, observable a t  middle l a t i t u d e s  and except ional ly  t o  t rop ic s .  
A t  t he  OHP t h e  cont inual  e l ec t ron  decrease of F-layer content and t h e  
temperature increase  r e s u l t  i n  opposi te  o p t i c a l  e f f e c t s  which are p a r t i a l l y  
compensated. 
The ion iza t ion  t r anspor t  mechanism which i s  a t  t h e  o r i g i n  of i n t e r t r o p i c a l  
The i n t e r t r o p i c a l  a r c  a r c s  seems p a r t i c u l a r l y  s e n s i t i v e  t o  magnetic a c t i v i t y .  
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North, toward Tamanrasset, a t t enua te s  o r  vanishes  e n t i r e l y  during t h e  main 
phase of storms. 
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A P P E N D I X  
LIST OF STORMS' SUDDEN COMNENCEMENTS ANALYZED 
IN THIS ARTICLE 
a) Haute-Provence Observatory 
27/10/54 h 07 11 47 
ill 2/56 ir 0 11 53 
8/ 7/56 h 01 11 02 
2/10/5G ti 05 h 45 
5/10/5G h 07 h 05 
211 1/57 h 12 h 55 
291 1/57 1 13 h 13 
i/ 3/57 B 1 G  11 I 4  
27/ 7/57 h 19 I1 50 
201 9/57 h 0 11 1G 
18/43/57 A 09 11 52 
24/11/57 d OD 11 01 
19/12/57 i~ 09 11 37 
l8/  7/58 it 2 11 21 
241 1/57 h 19 11 10 
291 8/57 B 19 I1 20 
21/10/57 ti 22 11 41 
17/10/5s h 15 11 OD 
91 1/59 h 14 h 59 
121 1/59 h 11 11.24 
291 1/60 h 02 11 05 
231 S/GO h 11 h 36 
21/ S/GO A 0 11 13 
191 SI60 A 1 G  11 16 
13/ 4/Gl h 14 11 50 
i 4 /  6/61 ti 23 11 35 
i3 /  9/G1 h 15 11 54 
G/11/61 h 23 11 18 
41 2/G2 A 09 11 30 
61 2/62 B 21 11 01 
31/ 5/62 h 05 It 52 
26/ 6/62 h OS 11 50 
3/ 7/62 it 12 11 02 
31/ 7/62 h 15 11 45 
30/ 8/G2 h 23 11 40 
5/12/59 h 06 11 50 
281 9/62 h $2 11 56 
21/11/62 h 13 11 54 
26/12/62 B OS h 09 
IS/ 6/63 h 02 h 58 
151 7/63 ii 21 h 14 
17/11/63 Q 09 11 03 
16/ 1/G4 A 01 11 35 
121 2/65 ii OG 11 04 
S/ 4/G4 ii OS 11 OS 
131 4/G% ii 1 G  h 25 
0 11 35 
7/ 6/65 h I S  11 53 
4/ 8/G4 h 1 h 30 
6/ 9/64 ii 19 11 55 
3/10/64 B 12 11 43 
11/11/64 ii 03 h 20 
7/12/G5 ii 09 11 40 
I O /  5/64 ;I 
b) Tamanrasset Ubservatory 
301 GI57 ii 05 11 28 151 3/55 b 09 11 54 41 2/59 ii 03 11 50 
221 7/57 d 04 11 10 
23/10/57 h 22 11 41 
18/11/57 h 09 11 53 
5S/ 1/5S B 07 11 20 
I S /  7/51 B 02 h 21 
17/ 8/58 h OG I 1  23 
41 5/59 h 20 11 21 
29/30/59 ii 23 I1 47 
28/11 /"S a 23 I1 51 
24/14/57 h 09 11 01 
18/12/57 h 09 11 37 
17/10/5S h 35 11 09 
lO/ll/SS h 05 lr 10 
2711 2/59 .i 10 11 22 
201 1/GO B 03 I1 05 

